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ABSTRACT
Mycorrhizae are a kind of fungus that forms symbiotic relationships with plants. They
help plants deal with environmental stressors such as drought and disease. Almost all plants have
this symbiosis with mycorrhizae, coffee being included in this group. Coffea arabica, a species
of coffee, is grown in tropical regions and multiple varieties have been developed to increase the
productivity of the plants. However, tropical regions, like Monteverde, Costa Rica where this
study was conducted, are going to be some of the hardest areas hit by climate change. Plants are
going to be depending more and more on their mycorrhizae as these environmental stressors
become stronger as the climate changes. I looked at the variability of mycorrhizal colonization
amongst different coffee varieties. I also tested the effects of vermicompost on mycorrhizal
colonization in an effort to find a simple and possibly applicable method to increase colonization
in plants. There was a significant difference in mycorrhizal abundance between varieties, with
the Catuaí variety of coffee showing almost twice as much colonization as the Venecia variety
(6.67% as opposed to 3.33%). There was also a significant change in the colonization of plants
that were vermicomposted while control plants that were given no vermicompost did not see a
significant change (13.06% as opposed to 7.78%). These results might indicate that
vermicompost is a viable method of increasing mycorrhizal colonization in Coffea arabica.

Variabilidad en colonización de micorrizas en diferentes variedades de Coffea
arabica en Monteverde, Costa Rica
RESUMEN
Las micorrizas son hongos simbióticos de las plantas. Se ha demostrado que ayudan a las
plantas a lidiar con factores estresantes ambientales como la sequía y las enfermedades. Casi
todas las plantas tienen esta simbiosis con micorrizas, incluyendo el café. Coffea arabica, una
especie de café, se cultiva en regiones tropicales, y se ha desarrollado múltiples variedades para
aumentar la productividad de las plantas. Sin embargo, las regiones tropicales, como
Monteverde, Costa Rica, donde se realizó este estudio, serán algunas de las áreas más afectadas
por el cambio climático. Las plantas dependerán cada vez más de sus micorrizas a medida que
estos factores ambientales estresantes se vuelven más fuertes a medida que cambia el clima.
Observé la variabilidad de la colonización de micorrizas entre las diferentes variedades de café.
También estudié los efectos del vermicompost en la colonización de micorrizas en un esfuerzo
por encontrar un método simple y posiblemente aplicable para aumentar la colonización en las
plantas. Hubo una diferencia significativa en la abundancia de micorrizas entre variedades. La
variedad de café Catuaí muestra casi el doble de colonización que la variedad Venecia (6.67% en
comparación con 3.33%). También hubo un cambio significativo en la colonización de plantas
después de aplicar el vermicompost, mientras que las plantas de control que no recibieron
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vermicompost no vieron un cambio significativo (13.06% en comparación con 7.78%). Estos
resultados pueden indicar que el vermicompost es un método viable para aumentar la
colonización de micorrizas en Coffea arabica.
Mycorrhizae is a fungus that has a symbiotic relationship with plants. Mycorrhizae, a
fungus that depends on its host plant to survive, helps plants to obtain key nutrients, such as
magnesium, phosphorous, sulfur, and nitrogen that would otherwise be hard to access for the
price of sugars (Harrier, 2001). It is this symbiosis that allowed plants to leave the oceans and
colonize land (Simon et al., 1993). Now plants and the fungus are still closely linked, with over
80% of plants still retaining the ability to host the fungus in their roots (Harrier, 2001).
Today, mycorrhizae helps plants to cope with harsh environments that would otherwise
be uninhabitable. With the help of mycorrhizae, plants are able to absorb water more effectively.
This is helpful when plants must endure tough abiotic conditions, such as droughts (Makoi and
Ndakademi, 2009; Subramanian et al., 1995). The mycorrhizae can also help plants with fighting
diseases, fungi, and pests that could potentially harm the plant (Newsham et al., 1995, Arancon
et al., 2005). In the future, mycorrhizae may be even more necessary. Climate change is
beginning to affect the environment that the plants have evolved in. It is projected that Central
America will be one of the hardest areas hit by climate change in the world (Giorgi, 2006).
Coffee production does not respond well to increases in temperature, decreasing productivity
significantly (Gay et al., 2006). On top of decreased productivity, instances of drought, disease,
and pests will increase as the climate heats up (Rosenzweig et al., 2001). The future of the
natural enemies of the pests that affect humans’ crops is also uncertain and the outlook is not
favorable (Thomson et al., 2010). One of coffee’s primary enemies, the broca beetle, is among
the pests aided by the warming of the climate and the effects of this are already being felt in
Africa (Jaramillo et al., 2011). Coffee farmers are going to need the help of their plants’
mycorrhizae colonies to survive the coming changes. Behavioral adaptation by humans is
necessary to mitigate the effect of climate change on agriculture and prevent food insecurity in
the future (Turral, 2008)).
A relatively simple potential adaptation is the increased use of vermicompost.
Vermicompost is a method of breaking down organic matter that utilizes earthworms’ natural
talents of decomposition. This method allows for a quicker conversion of coffee pulp waste into
compost with a high nutrient content and affects the microbiome of the soil (Orozco et al., 1994;
Lemtiri et al., 2014). This healthy microbiome in the soil could play a part in strengthening the
mycorrhizae of the plants. Another possibility is that there is a variety of Coffea arabica that
naturally has a higher abundance of mycorrhizae.
LIFE Monteverde, a coffee farm located in the Puntarenas Province of Costa Rica, is
interested in sustainable methods of farming to help lessen the effects of climate change. This
farm and most farms in Costa Rica traditionally grow the Catuaí and Caturra varieties of coffee
(J.L. Vargas, pers. comm.). Currently, they are experimenting with two new varieties of coffee,
Obatá and Venecia. Catuaí, Caturra, and Obatá have all been bred to have a dwarf mutation,
which allows for more plants per given area, while Venecia has longer branches (J.L. Vargas,
pers. comm.). One advantage of Venecia though is that it matures later in the season, in January
and February rather than in November and December (J.L. Vargas, pers. comm.). This is helpful
to the farm because they can harvest after the rainy season and may be a possible way for them
to adapt to climate change. Obatá, their other experimental variety, also has an advantage; it has
shown an ability to fight red rust, a fungus that targets coffee plants and can cause great
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economic damage to a harvest (Camargo, 2010). However it is not known if the abundance of
mycorrhizae differs between these varieties. Filling in this gap could provide insight into which
of these varieties is more capable of adapting to the new conditions in the future. It is also not
known what the effects of vermicompost are on the colonization of roots by mycorrhizae. While
plants are often inoculated and composted to improve their health, the effect of the compost on
the success of the inoculation itself is often not investigated and inoculation is also not a
reasonable solution on a large, agricultural scale due to high costs (Sáinz, 1998, Cardoso, 2006).
In this study, I addressed whether Obatá, Catuaí, and Venecia have different abundances of
mycorrhizae. I also discerned if vermicompost has an effect on the density of mycorrhizae in
Coffea arabica.
MATERIALS AND METHODS
Field work:
The site of the experiment was LIFE Monteverde, a coffee farm located at 1300 m in the
Tilarán Mountains of Puntarenas, Costa Rica. I chose three varieties of coffee for this
experiment: Obatá, Catuaí, and Venecia. The plants were five months old when the experiment
began. They had been planted in bags containing 20% coffee pulp compost, 15% coffee shell
compost, and 65% soil removed from land near the forest on the property (S. Barrios, pers.
comm.). Trichoderma sp. (a fungus present in soil that helps suppress Ojo de Gallo or Rooster’s
Eye, a common fungus that afflicts coffee) was also added to this mixture (G. Vargas, pers.
comm.).
I began by flagging 12 plants in each variety. I chose the plants randomly from each
section, trying to keep the conditions (light, rain, etc.) consistent amongst the subjects. I did not
move subjects from the display to avoid stressing out or damaging the plants. I flagged the
chosen plants and gave them a unique label (O for Obatá, C for Catuaí, V for Venecia and a
number 0-12). I took two root samples by digging down next to the plant and removing an
approximately 1 cm long root from the plant. I kept the roots of each plant separate in their own
bags. Once I completed this, I applied coffee pulp vermicompost to the even numbered plants.
The odd numbered plants were left as a control. The compost had already been dried/ processed
to not negatively affect soil moisture (J. Santamaria, pers. comm.). Vermicompost is dried
because it is capable of retaining a large amount of water and, in the tropics, this can cause an
increased incidence of root rot or fungal disease due to the already high humidity of the
environment. I spread the vermicompost to cover the surface of the soil (about 1cm deep) and
left the area directly around the stem free of the compost. This prevented the conditions from
becoming too humid around the stem (G. Vargas, pers. comm.).
Lab work:
First I cleared the roots and dyed the mycorrhizae. I rinsed the root sample in tap water to
remove soil and other debris. I placed the sample in a 100 mL beaker with 10-20 mL of 10%
KOH solution. I then placed the beaker containing the sample and the KOH solution in a bath of
boiling water bath and allowed it to boil for 6 minutes. This step clears the cells in the root,
leaving behind only cell walls and the mycorrhizae. After 6 minutes, I then removed the sample
from the beaker and rinsed it in tap water once more. Following this, I placed the root in a 100
mL beaker with 10-20 mL of 5% blue ink-vinegar solution. I placed the beaker in a boiling water
bath for 4 minutes. After 4 minutes I removed the root sample and rinsed it in a 1% vinegar
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solution (Vierheilig et al., 1998). I kept the roots from each plant separate throughout this
process.
I then cut the root samples to be 1cm long. I mounted them on a slide and viewed them
under a 10x ocular piece and a 10x objective. I assessed each root based on the percentage of its
area that was colonized. I then took the average for the variety’s percent colonization as a whole,
percent colonization of those that did not have the vermicompost treatment, and percent
colonization of those that did have the vermicompost treatment. This followed Biermann and
Linderman’s methodology (1980). This is how I quantified changes in mycorrhizal abundance.
I took samples again 5 days later, and once again 5 days later. For these two following
collections I only collected the roots and and did not apply vermicompost again. I repeated the
same process of dyeing and assessing the mycorrhizae for both of these samples. I analyzed the
results using a t-test to test for significant differences in colonization among varieties and a
paired t-test to test for significant changes in colonization within varieties over time.
RESULTS
Catuaí has a significantly higher starting percentage of colonization than Venecia has,
6.67% as opposed to 3.33% (Fig. 1, t(46) = 2.045, p = 0.047). The final difference between the

composted plants and the control plants in the Catuaí variety was not significant. The final
difference was also not significant in the Venecia variety. In the Obatá variety, the difference
was close to significant (t(22) = -1.773, p = 0.090). The difference in this variety could have
possibly been significant if there were longer trials or more plants. The total difference between
the final colonization percentages of composted and control plants was significant across all
varieties (figure 2, t(71)=-2.708, p=0.009).
For both Catuaí and Venecia, the plants that were vermicomposted had a larger increase
in mycorrhizal colonization on average than those that were not vermicomposted. The
vermicomposted Catuaí plants had an increase of 6.67% ±13.03% while the control plants had a
0% ±11.28% (Fig. 3). Venecia composted plants had an increase of 13.3 %±11.65% while the
control plants had an increase of 9.17% ±7.78% (Fig. 4). The Obatá variety does not hold true to
this, as both the control and the treatment lost mycorrhizae, losing 7.5% in the vermicomposted
plants and 2.5% in the control plants (Fig. 5). The first trial of this variety is what causes this
decrease as it was unusually high compared to the other varieties. Due to an error with the
identification of mycorrhizae, I excluded this trial from the total calculations. The average
increase in colonization among all varieties (not including Obatá’s first trial) is 7.64% in
composted plants and 3.19% in control plants (Fig. 2).
I also tested the significance of the changes in mycorrhizal colonization from the initial
colonization percentage to the final colonization percentage. In the Catuaí variety, neither the
composted or control plants had a statistically significant change in their colonization. In the
Venecia variety, both the composted and the control plants had a statistically significant change
in their colonization. When the results were accumulated for both varieties the composted plants
had a statistically significant positive change in mycorrhizal colonization while the control plants
did not see a statistically significant positive change in mycorrhizal colonization.
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FIGURES

Fig. 1: A comparison of initial mycorrhizal abundance in the Catuaí and Venecia varieties. Error
bars represent standard deviation. (t(46) = 2.045, p = 0.047).

Fig. 2: Percentage of mycorrhizal colonization in all varieties (excluding first trial of the Obatá
variety) and how it changed over time when composted. Error bars represent standard deviation.
The change in the composted plants’ colonization was significant (t(23) = 3.12, p < 0.05).

Fig. 3: Percentage of mycorrhizal colonization in the Catuaí variety and how it changed over
time with or without the addition of vermicompost. Error bars represent standard deviation.
Neither change was significant.

Variability of mycorrhizae in Coffea arabica

Sime 6

Fig. 4: Percentage of mycorrhizal colonization in the Venecia variety and how it changed over
time with each treatment. Error bars represent standard deviation. The increases in both the
composted and control plants was significant (t(11) = 3.46, p < 0.05 for both).

Fig. 5: Percentage of mycorrhizal colonization in the Obatá variety and how it changed over time
with each treatment. The error bars represent standard deviation. Neither change was significant.
DISCUSSION
When comparing the initial mycorrhizal colonization of the varieties, the Catuaí variety
has a significantly higher colonization than the Venecia variety. The Obatá’s initial data was not
included in this comparison as there was an error with the identification of mycorrhizae in this
trial. The colonization of the vermicomposted plants for all varieties combined was significantly
higher than the plants that were not vermicomposted. While all of the varieties did have an
increase in mycorrhizae, whether vermicomposted or not, the plants that were vermicomposted
had a significant positive change in colonization overall while the plants that were left as
controls did not. This might indicate that vermicompost does have a positive effect on
mycorrhizae’s ability to colonize Coffea arabica. There is also a significant difference in
mycorrhizae’s ability to colonize different Coffea arabica varieties.
This difference in mycorrhizal colonization between varieties could be explained by the
different characteristics that the varieties display. One of the most important differences between
Catuaí and Venecia is Venecia’s late harvest season (J. Vargas, pers. comm.). The variety’s
tendency to take longer to mature could be a visible indicator of its weaker mutualism with
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mycorrhizae. If the plants have less mycorrhizae supplying them with the nutrients that are hard
for them to access on their own then it is very possible that it would take them a longer time to
develop a fruit to maturity.
The increase in colonization can be explained by how the worms’ ingestion and excretion
of the soil affects its microorganisms. Uningested soils have been shown to have microbiomes
with different biomass and activity than soil that has been processed by worms (Schönholzer et
al. 1999). The gut of an earthworm greatly affects the populations of certain microorganisms as it
grazes: digesting some, having no effect on some, and activating others (Pederson et al., 1993;
Drake et al., 2007). The casts (excrement) of the worms then act as an inocula for these
microorganisms that are activated, altering the microbial composition of the soil by giving some
organisms an advantage and others a disadvantage (Brown, 1995). This alteration is most likely
what causes the change in mycorrhizal colonization after composting. Worms have been shown
to be a distributor of mycorrhizal fungi (Gange, 1993). Here the application of vermicompost has
shown to be an effective method of increasing the colonization of mycorrhizae which is
consistent with this literature.
Worms also affect the nutrient balances of the soil that they ingest. In coffee pulp (the
kind of compost that was used in this experiment), worms increase the amount of phosphorous,
calcium, and magnesium available in the soil (Orozco et al., 1996). Both phosphorous and
magnesium are nutrients that mycorrhizae help plants absorb (Harrier, 2001). Also, it is calcium
that allows the mycorrhizae to communicate with the plant and begin colonization (Navazio,
2008). This increase in the nutrients that mycorrhizae help a plant absorb and the element that
allows the fungus and the plants to communicate with each other most likely has a positive effect
on the amount of mycorrhizae in the roots of the plants. Once again, the results of this study
aligns with the literature mentioned on this topic.
A factor that may have affected the results of this study is the short time period. While a
change was seen in colonization, two weeks is not long in the life of a coffee plant that can live
20-30 years. Further research would need to be conducted to discern the true value of
vermicompost to mycorrhizae, whether the benefit is transient or if the plants continue to have a
strengthened mycorrhizae community. However there is literature that supports an increase in
mycorrhizal colonization with properly applied vermicompost in clovers so it is likely that the
same trend would be observed in coffee (Sáinz, 1998). The error in the initial percentages of the
Obatá variety also affected my ability to properly evaluate whether or not different varieties of
coffee tend to have different amounts of colonization. However, I was still able to answer that
there are indeed differences between varieties of coffee since a strong difference was found
between the other two varieties. There is also literature confirming that different species of plants
have different amounts of colonization so it would not be unreasonable for this to be true (Bever,
1996). Therefore, with further experimentation, it would not be hard to define the different
varieties’ abilities to host mycorrhizae.
Choosing plants that can host more mycorrhizae could be important in the future. In the
tropics, increasing mycorrhizal abundance in crops is a possible way to aid plants’ ability to
absorb nutrients from tropical soils (Cardoso, 2006). Mycorrhizae helps plants to absorb the
same nutrients that synthetic fertilizers provide and that are hard for plants to obtain on their own
(Harrier, 2001). If farmers are able to help crops gain higher levels of mycorrhizal colonization,
there would be a reduced need for these harmful fertilizers and sustainable agriculture could be a
more reachable goal. This is going to be especially important for Central America which is
heavily dependent on agriculture, is going to be hit harder by climate change, and is seeing a
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higher human population growth rate than the world average (Leonard, 1987; Giorgi, 2006;
Cincotta, 2000). Mycorrhizae could provide an alternative method to dealing with the often
nutrient poor soils of tropical regions without cutting productivity or harming the unusually
biodiverse habitats that often surround farms in these areas.
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